Atty. Dkt. 2018-876 
S7296-US-KK/yo 



U. S. PA TENT APPLICA TION 



Inventor(s): Osamu SHIMOMURA 



Tsutomu NAKAMURA 
Kenji TAKEDA 
Yoshiyuki KONO 
Takashi KAWASHIMA 
Takashi HAMAOKA 



NIXON & VANDERHYE P. C. 
ATTORNEYS AT LAW 
1100 NORTH GLEBE ROAD, 8 th FLOOR 
ARLINGTON, VIRGINIA 22201-4714 
(703) 816-4000 
Facsimile (703) 816-4100 




Invention: 



TURNING ANGLE DETECTOR 



834693 



TURNING ANGLE DETECTOR 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based on and incorporates herein by reference 
Japanese Patent Application No. 2003-137517 filed on May 15, 2003. 

FIELD OF THE INVENTION 

The present invention relates to a turning angle detector for detecting 
relative turning angles between two members, which may be a rotor and a stator. 

BACKGROUND OF THE INVENTION 

Various turning angle detectors are proposed. Some of the detectors 
are shown in Figs. 1 4 and 1 5. 

Fig. 14 schematically shows one of the turning angle detectors at a 
turning angle of 0 degree. This turning angle detector includes a rotor J3 and a 
stator J6. The rotor J3 includes two generally semi-cylindrical yokes J1 and two 
magnets J2. The rotor yokes J1 are made of magnetic material. Each end of 
each rotor yoke J1 is spaced with a magnet arrangement gap from one end of 
the other yoke J1. Each rotor magnet J2 is positioned in one of the magnet 
arrangement gaps between the rotor yokes J1. The poles of the two rotor 
magnets J2 are oriented in the same direction. 

The stator J6 is surrounded by the rotor J1 and includes two cores J4 
and two Hall ICs J5. The stator cores J4 are generally semi-columnar and 



made of magnetic material. The flat surfaces of the stator cores J4 define a 
magnetism detection gap between them. The Hall ICs J5 are positioned in the 
magnetism detection gap. Each Hall IC J5 is an IC including a Hall device 
incorporated into it, which is a magnetism sensing element. 

Fig. 15 schematically shows another turning angle detector at a turning 
angle of 90 degrees. This turning angle detector includes a rotor J3 and a 
stator J6. The rotor J3 comprises two semi-cylindrical magnets J2 so that 
magnetic flux passes from one of the rotor magnets J2 to the other. The stator 
J6 is surrounded by the rotor J3 and includes two cores J4 and two Hall ICs J5. 
The stator cores J4 are generally semi-columnar and made of magnetic material. 
The axial flat surfaces of the stator cores J4 define a magnetism detection gap 
between them. The Hall ICs J5 are positioned in the magnetism detection gap. 

Fig. 16A shows the relationship of typical turning angles to the density of 
the magnetic fluxes through the Hall ICs J5 (hereinafter referred to magnetic flux 
density) in each turning angle detector. 

If the magnetic flux density changes in a sine curve with respect to the 
turning angles, the density change has a deviation characteristic, which is 
indicated by the broken line A in Fig. 16B, with respect to the ideal line (ideal 
magnetic flux density) that is the linearized density change. As indicated by the 
broken line A, the magnetic flux density drops greatly at turning angles of 60 and 
more degrees, so that the detectable angle range is narrow. 

Therefore, the outside shape of the stator cores J4 and/or the inside 
shape of the rotor yokes J1 are varied so as to increase the magnetic flux 



density in the vicinity of the turning angle of 90 degrees, thereby widening the 
detectable angle range. 

In Fig. 14, the rotor yokes J1 are generally elliptic so as to increase the 
magnetic flux density in the vicinity of the turning angle of 90 degrees, thereby 
widening the detectable angle range (for example, Patent Document 1 ). 

In Fig. 15, the semi-cylindrical rotor magnets J6 are radially magnetized 
so as to increase the magnetic flux density in the vicinity of the turning angle of 
90 degrees, thereby widening the detectable angle range (for example, Patent 
Documents 16And 3). 

[Patent Document 1 ] 

US Patent 6,476,600 (JP-A-2001-317909) 
[Patent Document 2] 
JP-A-2001 -208510 
[Patent Document 3] 

US Patent 6,356,073 (JP-A-2001 -188003) 

In order to detect turning angles of the rotor J3 accurately from the 
magnetic flux density, it is necessary to linearize the change characteristic of the 
magnetic flux density in the detectable angle range. 

As stated above, each of the turning angle detectors is so constructed 
that the magnetic flux density in the vicinity of the turning angle of 90 degrees is 
high for a wide range of detectable angles. As indicated by the solid line- B in 
Fig. 16B, the change characteristic of the magnetic flux density in the devised 
detector has a deviation varying with respect to the ideal line and increasing 



remarkably around a turning angle of 70 degrees. Consequently, it is 
impossible to linearize the change characteristic in a wide range. 

Therefore, the outside shape of the stator cores J4 and/or the inside 
shape of the rotor yokes J1 may be so varied as to linearize the deviation when 
the rotor J3 is positioned between its turning angles of about 70 and 80 degrees. 
In this case, as shown in Fig. 16C, the characteristic line (ultimate line) drops 
sharply at turning angles of 80 and more degrees, so that the detectable angle 
range is narrow. 

SUMMARY OF THE INVENTION 

The object of the present invention is to maintain a low magnetic flux 
density in a predetermined range of turning angles by a magnetic flux reducing 
means. The invention can be applied to raise the linearity of magnetic flux 
density with respect to turning angles in a turning angle detector that can detect 
a wide range of angles. 

According to one aspect of the present invention, a turning angle 
detector includes an external magnetic member, through which part of the 
magnetic flux generated by a magnet passes within a predetermined range of 
turning angles, so that the great deviation in this range can be suppressed. 

According to another aspect of the present invention, a turning angle 
detector has a magnetic shortcut, which is provided between cores and adjacent 
to a magnetic force generating device. A large magnetic flux passes through 
the magnetic shortcut in the predetermined range of turning angles, so that the 



great deviation in this range can be suppressed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the present 
5 invention will become more apparent from the following detailed description 

made with reference to the accompanying drawings. In the drawings: 

Fig. 1 is an end view of a turning angle detector (first embodiment). 
Figs. 2A and 2B are an end view of the turning angle detector and a 
chart showing the relationship between magnetic flux density and turning angles 
1 0 (first embodiment). 

Figs. 3A to 3C are an axial sectional view of a turning angle detector 
(second embodiment), and cross sectional views taken along lines IIIA-IIIA and 
IIIB-IIIB, respectively. 

Fig. 4 is an end view of a turning angle detector (third embodiment). 
15 Fig. 5 is an end view of a turning angle detector (fourth embodiment). 

Fig. 6 is an end view of a turning angle detector (fifth embodiment). 
Fig. 7 is an end view of a turning angle detector (sixth embodiment). 
Fig. 8 is an end view of a turning angle detector (seventh embodiment). 
Fig. 9 is an end view of a turning angle detector (eighth embodiment). 
20 Fig. 10 is an end view of a turning angle detector (ninth embodiment). 

Fig- 11 is an end view of a turning angle detector (tenth embodiment). 
Fig. 12 is an end view of a turning angle detector (eleventh 
embodiment). 
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Fig. 13 is an end view of a turning angle detector (twelfth embodiment). 
Fig. 14 is an end view of a conventional turning angle detector. 
Fig. 15 is an end view of another conventional turning angle detector. 
Figs. 16A to 16C are charts showing the relationship between magnetic 
flux density and turning angles of the conventional turning angle detectors. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention will be described below in further detail with 
reference to various embodiments shown in the accompanying drawings. 
[First Embodiment] 

Referring first to Fig. 1, a turning angle detector is shown at turning 
angle of 0 degree. The turning angle detector, which may detect the opening of 
a throttle valve, includes a generally tubular rotor 1 and a stator 2. The rotor 1 
is fixed to the shaft of the throttle valve so as to turn with it around the stator 2. 

The rotor 1 coaxially surrounds the stator 2 and is spaced from it in the 
radial direction. The rotor 1 comprises two generally semi-cylindrical yokes 3 
and two permanent magnets 5, and operates to generate a magnetic force. 
The rotor yokes 3 are made of iron or other magnetic material. Each 
circumferential end of each rotor yoke 3 is spaced with a magnet arrangement 
gap 4 from one circumferential end of the other yoke. Each rotor magnet 5 is 
positioned in one of the magnet arrangement gaps 4 between the rotor yokes *3. 
The poles of the two rotor magnets 5 are oriented in the same direction. One of 
the rotor yokes 3 has a north pole, and the other yoke has a south pole. 



The stator 2 comprises two cores 6 and two Hall ICs 7. The stator 
cores 6 are surrounded coaxially by the rotor 1. The Hall ICs 7 detect the 
density of the magnetic fluxes through the stator cores 6. 

The stator cores 6 are generally semi-columnar or polygonal and made 
of iron or other magnetic material. The flat surfaces of the stator cores 6 facing 
each other define a magnetism detection gap 8 between them. The Hall ICs 7 
are fixedly positioned in the magnetism detection gap 8. 

Each Hall IC 7 is an IC including a Hall device, which is a magnetism 
sensing element, and a signal amplifying circuit. The Hall ICs 7 output voltage 
signals according to the magnetic flux density passing through them. 

The basic operation of the turning angle detector as described above 
(without external magnetic members 11 mounted, which will be described later 
on) will be described on the assumption that, the rotor 1 is defined as being 
positioned at turning angle of 0 degree when the magnet arrangement gaps 4 
are aligned perpendicular to the magnetism detection gap 8 as shown in Fig. 1 . 

When the rotor 1 has turns counterclockwise (in the plus direction) from 
its turning angle of 0 degree to its turning angle of 90 degrees, the magnet 
arrangement gaps 4 are aligned with the magnetism detection gap 8. When 
the rotor 1 is positioned at this turning angle of 90 degrees, magnetic circuits are 
formed in which magnetic fluxes pass from the north poles of the rotor magnets 
5 through one rotor yoke 3, one stator core 6, the gap 8, the other stator core 6 
and the other yoke 3 in that order to the south poles of the magnets 5. 

When the rotor 1 turns further with the throttle valve from the foregoing 



position (90 degrees), the magnetic fluxes passing through only one of the stator 
cores 6 increase. As a result, the fluxes passing through the magnetism 
detection gap 8 decrease. 

When the rotor 1 is positioned at its turning angle of 90 degrees, the 
density of the magnetic fluxes through the Hall ICs 7 is at its maximum as shown 
in Fig. 16A. When the rotor 1 is positioned at its turning angle larger or smaller 
than 90 degrees, the magnetic flux quantity through the magnetism detection 
gap 8 is less according to the turning angle, so that the density of the magnetic 
fluxes through the Hall ICs 7 is less. 

When the rotor 1 is positioned at its turning angle of 0 degree, as shown 
in Fig. 1 , each magnetic flux passes through only one stator core 6 and does not 
pass from one stator core 6 to the other. This makes no magnetic flux pass 
through the magnetism detection gap 8, so that the density of the magnetic 
fluxes through the Hall ICs 7 is zero. 

As the rotor 1 turns clockwise (in the minus direction) from its turning 
angle of 0 degree, the magnetic fluxes in the opposite direction through the 
magnetism detection gap 8 increase in quantity according to the turning angle. 
When the rotor 1 is positioned at its turning angle of -90 degrees, the magnetic 
fluxes in the opposite direction through the Hall ICs 7 are highest in density. 

As the rotor 1 turns clockwise further from its turning angle of -90 
degrees, the magnetic fluxes in the opposite direction through the magnetism 
detection gap 8 decrease in quantity according to the turning angle, so that the 
magnetic fluxes in the opposite direction through the Hall ICs 7 decrease in 



density. 

If the density of the magnetic fluxes through the Hall ICs 7 changes in a 
sine curve with respect to the turning angles, as described in the description of 
the conventional art, the density change has a deviation characteristic, which is 
indicated by the broken line A in Fig. 16B, with respect to the ideal line that is the 
linearized density change. As indicated by the line A, the magnetic flux density 
drops greatly at turning angles of 60 and more degrees, so that the detectable 
angle range is narrow. 

Therefore, it is proposed in the conventional art to vary the outside 
shape of the stator cores 6 and/or the inside shape of the rotor yokes 3 so as to 
increase the magnetic flux density in the vicinity of the turning angle of 90 
degrees, thereby widening the detectable angle range. 

In this embodiment, the shape of the rotor yokes 3 is so shaped as to 
increase the magnetic flux density in the vicinity of the turning angle of 90 
degrees, thereby widening the detectable angle range of the rotor 1. 
Specifically, as shown in Fig. 1 , the rotor yokes 3 are generally elliptic so that 
their middle is nearest to the stator cores 6. This increases the magnetic flux 
density in the vicinity of the turning angle of 90 degrees, so that the detectable 
angle range can be wider. 

In order to detect turning angles of the rotor 1 accurately from the 
density of the magnetic fluxes through the Hall ICs 7, it is necessary to linearize 
the change characteristic of the magnetic flux density in the detectable angle 
range. 



As stated above, the change characteristic of the density of the magnetic 
fluxes through the Hall ICs 7 of the turning angle detector devised for a wider 
range of detectable angles increases the magnetic flux density in the vicinity of 
the turning angle of 90 degrees. Consequently, as indicated by the solid line B 
in Fig. 16B, the change characteristic has a deviation varying with respect to the 
ideal line and increasing suddenly around a turning angle of 70 degrees. 
Consequently, it is impossible to linearize the change characteristic in a wide 
range. 

The outside shape of the stator cores 6 and/or the inside shape of the 
rotor yokes 3 might be so varied as to linearize the deviation between turning 
angles of about 70 and about 80 degrees. In this case, as shown in Fig. 16C, 
the (ultimate) characteristic line drops suddenly at turning angles of 80 and more 
degrees, so that the detectable angle range is narrow. 

According to the first embodiment, therefore, the change characteristic 
of the density of the magnetic fluxes through the Hall ICs 7 is linearized, with the 
turning angle range kept wide, by reducing the magnetic fluxes a in an angle 
range where the fluxes are large with respect to the ideal line. 

The turning angle detector therefore further includes external magnetic 
members 11, which may be rectangular solids of iron, as shown in Fig. 1. 
When the rotor 1 is positioned at its predetermined turning angle, part of the 
fluxes generated by the rotor magnets 5 pass through the external magnetic 
members 11 as shown in Fig. 2A in place of passing through the stator cores 6. 
The external magnetic members 11 are positioned outside and spaced from the 



rotor 1. The external magnetic members 11 are fitted to fixed members, which 
may be fixed to the throttle valve case. 

The predetermined turning angle is the turning angle of the rotor 1 at 
which the magnetic fluxes are large with respect to the ideal line. The 
predetermined turning angle is about 70 degrees. 

Because the Hall ICs 7 are two in number, the external magnetic 
members 11 are two in number and each associated with one of the two rotor 
magnets 5. Alternatively, the turning angle detector might include a single Hall 
IC 7 positioned on its axis and a single external magnetic member 11, which 
could reduce the magnetic fluxes through the Hall IC 7 at the predetermined 
turning angle (for example, about 70 degrees). 

The external magnetic members 11 reduce the magnetic fluxes in the 
angle range where the fluxes are large with respect to the ideal line. This 
makes it possible to linearize the change characteristic of the density of the 
magnetic fluxes through the Hall ICs 7, with the turning angle range kept wide. 

The turning angle detector operates specifically as follows. 

When the rotor 1 is positioned between its turning angles of about 0 and 
about 40 degrees, the rotor magnets 5 generate only primary (main) magnetic 
fluxes a, as shown in Fig. 1. These magnetic fluxes a pass first through one 
rotor yoke 3, then each through one stator core 6 and finally through the other 
yoke 3 and return to the rotor magnets 5. 

When the rotor 1 is positioned between its turning angles of about 40 
and about 80 degrees, particularly at about 70 degrees, as shown in Fig. 2A, the 



rotor magnets 5 are near to the external magnetic members 11 and generate 
primary magnetic fluxes a and secondary magnetic fluxes p. The primary 
magnetic fluxes a pass through one rotor yoke 3, one stator core 6, the other 
core 6 and the other yoke 3 in that order, and return to the rotor magnets 5. 
The secondary magnetic fluxes p pass through the external magnetic members 
11. The generation of the secondary magnetic fluxes p reduces the primary 
magnetic fluxes a, which include a surplus with respect to the ideal line. 
Consequently, as shown in Fig. 2B, the changes in the primary magnetic fluxes 
a approach the ideal line. 

When the rotor 1 is positioned at its turning angles of about 80 and more 
degrees, the rotor magnets 5 are away from the external magnetic members 11 
again, so that the magnets 5 generate only primary magnetic fluxes a. These 
magnetic fluxes a pass first through one rotor yoke 3, then each through one 
stator core 6 and finally through the other yoke 2 and return to the rotor magnets 
5. Thus, when the rotor 1 is positioned at its turning angles of about 80 and 
more degrees, the rotor magnets 5 generate no secondary magnetic fluxes p, 
which would reduce the primary magnetic fluxes a. This prevents the 
detectable angle range from becoming narrow as opposed to the conventional 
case (Fig. 16B). 

Thus, the magnetic flux density in the vicinity of the turning angle of 90 
degrees is increased so that the detectable angle range of the rotor 1 can be 
made wide. Besides, the external magnetic members 11 are so fitted to the 
fixed members that the magnetic fluxes in the angle range where the fluxes are 
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large with respect to the ideal line can pass through the magnetic materials 11. 
This makes it possible to generally linearize the change characteristic of the 
density of the magnetic fluxes through the Hall ICs 7, with the detectable angle 
range kept wide between 0 and 90 degrees. 

This makes it possible to accurately detect a wide range of turning 
angles of the throttle valve. 
[Second Embodiment] 

The turning angle detector is shown in Figs. 3A to 3C with its rotor 1 
being positioned at its turning angle of 90 degrees as understood from Fig. 3B. 
The external magnetic members 11 are positioned inside the rotor 1, but axially 
away from it. 

The external magnetic members 11 are a plate of iron or other magnetic 
material, which is shaped as shown in Fig. 3C and positioned coaxially with the 
stator cores 6. This embodiment can achieve effects similar to those achieved 
by the first embodiment. 

With reference to Fig. 3A, the turning angle detector includes 
non-magnetic materials 12a, 12b and 12c, which may be resinous. The 
non-magnetic material 12b is interposed between the stator cores 6 and the 
external magnetic member 11. Alternatively, the external magnetic members 
11 might be positioned on end faces of the stator cores 6. 
[Third Embodiment] 

The turning angle detector is shown in Fig. 4 with its rotor 1 being 
positioned at its turning angle of 0 degree. In this third embodiment, the 



external magnetic members 11 are arcuate. This embodiment can achieve 
effects similar to those achieved by the first embodiment. 
[Fourth Embodiment] 

The turning angle detector is shown in Fig. 5 as being positioned at its 
turning angle of 0 degree. 

In the first embodiment, when the rotor 1 is positioned near its turning 
angle of 70 degrees, the rotor magnets 5 are nearest to the external magnetic 
members 11. However, for example, the angle range where the magnetic 
fluxes become large with respect to the ideal line may be in the vicinity of 30 
degrees. In this case, the external magnetic members 11 are positioned at the 
turning angle of 30 degrees as shown in Fig. 5. As a result, when the rotor 1 is 
positioned near its turning angle of 30 degrees, the rotor magnets 5 are nearest 
to the external magnetic members 11 . 
[Fifth Embodiment] 

The turning angle detector is shown in Fig. 6, with its rotor 1 being 
positioned at its turning angle of 90 degrees. In this fifth embodiment, the stator 
2 includes three cores 6, which define three magnetism detection gaps 8 each 
between two of them. 

One Hall IC 7 is positioned in one magnetism detection gap 8. Another 
Hall IC 7 is positioned in another magnetism detection gap 8. Even in the thus 
constructed detector, as isthe case with the first embodiment, when the rotor 1 
is positioned in a predetermined turning angle range, for example, around 70 
degrees, the magnetic fluxes are large with respect to the ideal line. 
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Accordingly, the external magnetic members 11 are so positioned as to be 
nearest to the rotor magnets 5 when the rotor 1 is positioned at the 
predetermined turning angle, which may be about 70 degrees. 

The external magnetic members 11 enable even the turning angle 
detector including three stator cores 6 to achieve effects similar to those 
achieved in the first embodiment. 
[Sixth Embodiment] 

The turning angle detector is shown in Fig. 7, with the rotor 1 being 
positioned at its turning angle of 0 degree. In this sixth embodiment, the turning 
angle detector includes no stator core 6. The external magnetic members 11 
enable even the turning angle detector including no stator core 6 to achieve 
effects similar to those achieved in the first embodiment. 
[Seventh Embodiment] 

The turning angle detector is shown in Fig. 8, with the rotor 1 being 
positioned at its turning angle of 90 degrees. In each of the first through sixth 
embodiments, the rotor yokes 3 are generally elliptic so as to increase the 
magnetic flux density in the vicinity of the turning angle of 90 degrees, thereby 
widening the detectable angle range of the rotor 1 . In this seventh embodiment, 
the rotor 1 is generally cylindrical and includes no yoke 3, but comprises two 
semi-cylindrical magnets 5. 

These rotor magnets 5 are so magnetized that magnetic fluxes pass 
from one of them through the stator 2 to the other. The rotor magnets 5 are 
radially magnetized so that the magnetic flux density in the vicinity of the turning 



angle of 90 degrees can be higher for a wider range of detectable angles of the 
rotor 1 . 

The external magnetic members 11 enable even the turning angle 
detector including radially magnetized rotor magnets 5 to achieve effects similar 
to those achieved in the first embodiment. 
[Eighth Embodiment] 

The turning angle detector is shown in Fig. 9, with the rotor 1 being 
positioned at its turning angle of 90 degrees. In this eighth embodiment, the 
stator cores 6 have magnetic shortcuts 13 formed radially outside the Hall ICs 7 
and adjacent to the rotor 1. The magnetic shortcuts 13 are formed by 
protrusions 6a extending from each flat surface of the stator core 6 to face each 
other at the circumferential ends of the stator cores 6. Each protrusion 6a is 
shaped generally in a rectangular form in cross section. The shortcuts 13 are 
thus narrower than the radial thickness of the Hall ICs 7 and cause secondary 
magnetic fluxes p to be formed, which bypass the ICs 7. As shown in Fig. 9, 
primary magnetic fluxes a and secondary magnetic fluxes 0 are formed, which 
pass through the Hall ICs 7 and the magnetic shortcuts 13, respectively. 

The provision of the magnetic shortcuts 1 3 makes a large part of the 
magnetic fluxes pass through them in the angle range where the fluxes are large 
with respect to the ideal line. Specifically, at the predetermined turning angle, 
which may be about 70 degrees, the primary magnetic fluxes a decrease, and 
large secondary magnetic fluxes p pass. Thus, the magnetic shortcuts 13 
operate to reduce the magnetic fluxes passing through the Hall ICs 7 at the 



predetermined turning angle. This makes it possible to linearize the change 
characteristic of the density of the magnetic fluxes through the Hall ICs 7, with 
the turning angle range kept wide. 
[Ninth Embodiment] 

The turning angle detector is shown in Fig. 10, with the rotor 1 being 
positioned at its turning angle of 90 degrees. In this ninth embodiment, the 
magnetic shortcuts 1 3 have sharp arcuate ends with the protrusions 6a being 
shaped in a sharp, pointed form in cross section. This turning angle detector 
can achieve effects similar to those achieved in the eighth embodiment. 
[Tenth Embodiment] 

The turning angle detector is shown in Fig. 11, with the rotor 1 being 
positioned at its turning angle of 90 degrees. In this tenth embodiment, the 
inner sides of the magnetic shortcuts 13 are flat with the protrusions 6a shaped 
in a triangular form in cross section. This turning angle detector can achieve 
effects similar to those achieved in the eighth embodiment. 
[Eleventh Embodiment] 

The turning angle detector is shown in Fig. 12, with the rotor 1 being 
positioned at its turning angle of 90 degrees. In this eleventh embodiment, as 
is the case with the fifth embodiment, the stator 2 includes three cores 6, which 
define three magnetism detection gaps 8 each between two of them. One Hall 
IC 7 is positioned in one gap 8 for magnetism detection. Another Hall IC 7 is 
positioned in another gap 8 for magnetism detection. 

As is the case with the eighth embodiment, the stator cores 6 have 



magnetic shortcuts 13 formed by the protrusions 6a radially outside the Hall ICs 
7 and adjacent to the rotor 1 . This makes large secondary magnetic fluxes p 
pass in the angle range where the magnetic fluxes are large with respect to the 
ideal line. Consequently, it is possible to linearize the change characteristic of 
the density of the magnetic fluxes through the Hall ICs 7, with the turning angle 
range kept wide. 
[Twelfth Embodiment] 

The turning angle detector is shown in Fig. 13, with the rotor 1 being 
positioned at its turning angle of 90 degrees. In this embodiment, as is the 
case with the seventh embodiment, the rotor 1 is generally cylindrical and 
includes no yoke 3 but comprises two semi-cylindrical magnets 5, which are 
radially magnetized. 

As is the case with the eighth embodiment, the stator cores 6 have 
magnetic shortcuts 13 formed by the protrusions 6a radially outside the Hall ICs 
7 and adjacent to the rotor 1 . The magnetic shortcuts 1 3 make large secondary 
magnetic fluxes p pass in the angle range where the magnetic fluxes are large 
with respect to the ideal line. This makes it possible to linearize the change 
characteristic of the density of the magnetic fluxes through the Hall ICs 7, with 
the turning angle range kept wide, even though the rotor 1 comprises two 
radially magnetized magnets 5. 
[Modifications] 

In each of the embodiments, the stator 2 is fixed, and the rotor 1 is 
rotatable. Alternatively, the turning angle detector may include a fixed 
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cylindrical member in place of the rotor 1 and a rotatable columnar member in 
place of the stator 2. That is, a magnetism sensing element corresponding to 
the Hall ICs 7 may be rotatable, and a magnetic force generating means 
corresponding to the rotor magnets 5 may be fixed. In this case, also, the 
5 turning angles of the columnar member can be detected from the output from the 

magnetism sensing element. 

In each of the embodiments, the Hall ICs 7 as magnetism sensing 
elements are two in number, but may be one or more than two. Only a 
magnetism sensing element (for example, Hall ICs 7) may be positioned in the 
10 magnetism detection gap 8, and a signal amplifying circuit may be positioned 

outside the stator 2. For example, the amplifying circuit may be provided in a 
controller. 

In the embodiments, the rotor magnets 5 are permanent magnets, but 
may alternatively be electromagnets. 
15 The turning angle detector according to each of the embodiments is 

exemplified by a detector for detecting the opening of a throttle valve, but may 
alternatively detect turning angles of any other turning body such as an industrial 
robot arm. 
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